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TECHNICAL FIELD 



The present invention relates generally to the field of power amplifiers and 
particular to ef&ciency enhancement for power ampHfiers. 



in 



BACKGROUND 



10 



15 



In many wireless communication systems, a power amplifier (PA) used in the 
transmitter is required to be very linear. High Ifaiearity is required to prevent 
leakage of interfering signal energy between the intended channels. In 
addition, it has to allow for simultaneous amplification of many radio 
chaimels or frequencies spread across a fairly wide bandwidth. In order to 
reduce power consumption and need for cooling, the amplifier also has to 
have a high efficiency. 



It is difficult to provide linear RP currents with hi^ efficiency for practical 
high-power RF transistors. Practical high-power RP transistors have a 
20 transconductance (output current per input voltage) that is not constant, 

but changes with the input node voltage. A conventional WEcy of getting a 
linear RF current response with high DC-to-RF conversion efficiency is to 
bias the device in a so-called class B operation (for class definitions, see e.g. 
[1]), where an output current is provided during half of each RF cycle. The 
f.^. : biasing is performed by providing a DC voltage olfset at the input node, such 
■ as the gate of a field-effect transistor (FET) device or the base of a bipolar 
.-!•. transistor. If the transconductance of a class B device ideally is constant for 
positive input signal voltages and zero for negative input signal voltages, the 
RP output current is linear and the maximxim efficiency is 78.5% as 
discussed e.g. in [2J. Since the DC ctarrent consumption is proportional to 
the RP current, the power efficiency of a class B amplifier is proportional to 
the output ampUtude, provided that the drain or coflector supply voltage is 
kept constant. 



so 



#18 15^50 
m 
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In real RF transistors, the transconductance may difier significantly from 
constant. It can e.g. be a substantially linear function of the input node 
voltage, or a mixture of a mostly linear part and a mostly constant part. This 
5 behavior is normally referred to as quasi-linear. In the case of a purely linear 

transconductance, the output signal amplitude is proportional to the input 
signal squared for a class B biased amplifier. Such response is sometimes 
referred to as a parabolic transfer function. 

10 Since RF power transistors typically are relatively expensive, there is also an 

incentive to get the most possible output power from them. An important 
factor in getting the most output power from a transistor is to have the right 
load impedance at the fundamental frequency, i.e. the desired RF. Practical 
transistors have limits to both the maximum ouQ>ut current and the 

IS maximum output node voltage. To obtain the maximum output power from 

the device, it is therefore important that these limits are reached 
simultaneously. 

Besides the above-described class B biasing, there aro also other biasing 
20 possibilities. An amplifier biased in class A is always giving an output 

current. An amplifier in class AB is biased between class A and class B. A 
class A amplifier gives the highest output RF power for a given limitation in 
the maximxmi peak current, when most devices with linear or quasi-linear 
transconductance are used. For a device with a constant transconductance, 
25 biasing in class A and class B gives the same out-put power, and class AB 

slightly more. With a tuned load, i.e. all voltage harmonics at the output 
; node perfectly short-circuited or "terminated" by a reactance network, and a 

device with a linear transconductance, class B operation gives 0.7 dB less 
output power than class A, see e-g. [2]. By terminating the voltage 
^6': harmonics, in particular the second harmonic, at the output node makes it 
possible to use a larger voltage swing of the fundamental frequency. 
However, the hamionic termination is seldom perfect in practice. Since the 
harmonic content of the class B current waveform generally is greater than 
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that of class A, the difference in output power can be even larger than 0.7 
dB. 



Biasing in class C means that the RF cxarrent is on during less than half of 
5 each RF cycle. This biasing gives generally the highest efficiency, but gives 

highly nonlinear response and considerably less peak output than either 
class A or B. In order to maximize the peak output, class A biasing is 
required, but in order to maximize the efficiency, class C is to prefer. In 
addition to this linearity considerations have to be taken. 

10 

A simple way of getting a linear response from a device with linear 
transconductance is to bias it in class A. This gives, however a very low 
average efficiency if the peak-to-average power ratio is high, due to the high 
quiescent DC supply current. A quasi-linear device can be biased in class 

15 AB, aind have a substantial^ linear response for less quiescent current. The 

average efficiency is therefore better than for devices with linear 
transconductance biased in class A, but worse than devices with constant 
transconductance bia.sed in class B. In order to achieve a better linearity, the 
bias level can be controlled adaptively. Such bias control is generally much 

20 slower than the signal variations. Solutions using adaptive bias levels are 

discussed e.g, in [3-7]. 

In many cases, bias level adjustments, i.e. choosing the best static bias, are 

not enough to obtain sufficient linearity. Further linearization methods must 
25 typically be employed, see e.g. [5-7]. One often used method for providing 

high efficiency and wide bandwidth is pre-distortion, used e.g. in [5, 7]. The 
: input si^al to the transistor is nonHnearly pre-compensated to counteract 

\: j the distorting behavior of the transistor itself. In some cases, the linearizing 

performance of the pre-distortion method is even siafficient to allow for the 

» » • 

SL6 * device to be biased closer to class B, which normally implies a higher degree 
'•"'^ of non-linearity. However, the quiescent current is reduced and the averse 
efficiency is increased. 
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Another way of getting a more linear response from a practical device is to 
use a dynamic bias* This means that the bias level is varied substantially at 
the same speed as the amplitude of the amplified signal. Examples of such 
systems are found in [8-* 13]. In [8], such technique has been used e.g. for 
improving the power-added efGlciency of class A amplifiers with low gain. A 
constant gain device is used, which can be kept in class A with a bias level 
proportional to the signal amplitude. 

TWO different dynamic biasing schemes optimizing either efficiency or 
intermodulation distortion are compared in 19]. In [10], it is proposed to take 
care of extra non-linearity introduced by dynamic biasing by applying pre- 
distortion. Using dynamic biasing to provide constant gain (and therefore 
linear amplification) with higher efficiency than class A operation is 
described in [11], and with the addition of feedback for controlling the bias 
level, in [12]. In [11], the device is biased in class AB at low amplitudes, and 
ends up in class B at high amplitudes, and in [121 the device is biased in 
class AB, and the bias variations are only used for small corrections by 
feedback to the momentary gain. Phase distortion is handled by a separate 
feedback loop. Constant gain is also the objective in [13], in which a dynamic 
bias scheme is added onto a Doheriy high-efficiency amplifier. 

SUIWIMARY 

A general problem with prior«art power amplifier arrangements is the 
inability to obtain a good linearity, high output power and high efficiency 
simultaneously. A further problem is that highly controllable arrangements 
typically are based on solutions emplosring large bandwidth, which puts high 
demands on D/A converters and thereby increases the costs for the devices. 

An object of the present invention is to provide devices and methods 
enabling a better controlled compromise between linearity, high output 
power, high efficiency and narrow bandwidth, A further object of the present 
invention is to enhance the efBiciency for signal amplitudes having a high 



25 



3^ 
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probability to appear. Another object of the present invention is to allow for 
tailonng output signal characteristics depending on the amplifier 
application. 

5 The above objects are achieved by devices and methods according to the 

enclosed claims. In general words, pre^distortion of drive signal and 
generation of bias signal to a power amplifier are both controlled dependent 
on the instantaneous size of the input signal for producing a predetermined 
output characteristics. Preferably, the bias signal is kept low in ampUtude 

0 ranges having a high probability to occur, thus giving a high efficiency. In 

order to have access to as high output power as possible, the bias signal is 
allowed to be higher close to the maximum amplitude. The drive signal 
amplitude curve is preferably adapted to provide a linear output signal. The 
adapted drive signal has preferably a higher derivative than the input signal 

5 in the low high-efficiency ranges. Preferably, the drive signal is 

predominantly composed of low-order components. In cases where signal 
paths of bias signal and drive signal differs significantly concerning delay 
and finequency response, inverse filtering and/or delay compensation is 
applied to ensure simultaneousness at the input of the ampKtude element. 

One of the main advantages with devices and methods according to the 
present invention is that the increased controlling possibiHties of both drive 
and bias signals gives an additional fi-eedom in controlling the power 
amplifier operation. This additional fi«edom can be used in different 
applications to enhance certain requested properties, e.g. linearity, 
efficienqr, low bandwidth etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, may best 
be understood hy making reference to the following description taken together 
with the accompanying drawinga, in which: 
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FIG. 1 IS a schematic dra^ of a transmitter having a radio fi^ueacy 

power amplifier; 

FIG. 2 is a schematic drawing of a wireless commimication system; 

FIG. 3 is a diagram illustrating drive signal and biaa signal pnmded to an 
amplifier element as a function of input aignal ampHtude, according to an 
embodiment of the present invention; 

PIG. 4a is a diagram illustmting drive signal and bias signal provided to 
an amplifier element as a iunction of input signal ampHtude. according to a 
prior-art pre-distorting device; 

FIG. 4a is a diagram illustrating drive signal and bias signal provided to 
an amplifier element as a function of input signal amplitude, according to a 
pnor-art device using dynamic bias; 

FIG. 5 is a diagram illustrating the efficiency of the embodiments of Kg. 3. 
Fig. 4a and Fig. 4b. 



FIG. 6 is a diagram iUustrating the probability ampUtude distribution for a 
typical multi-carrier signal; 

FIG. 7a is a diagram illustrating the frequency distribution of a drive 
signal according to the embodiment of Pig. 4a; 

FIG. 7b is a diagram illustrating the frequency distribution of a bias signal 
3 0 according to the embodiment of Pig. 4b; 

FIG. 7c is a diagram iUustrating the frequency distribution of a drive 
signal according to the embodiment of Fig. 4c; 

FIG. 7d is a diagram illustrating the frequency distribution of a bias signal 
according to an embodiment of the present invention; 

FIG. 7e is a diagram illustrating the frequenqy distribution of a drive 
signal according to an embodiment of tiie present invention; 

PIG. 8 is a block diagram of an embodiment of a power amplifier according 
to the present inventuin; 

FIG. 9 is a block diagram of a prefenred embodiment according to the 
present invention for providing control of drive and bias signals; 

FIG. 10 is a block diagram of a Doherty amplifier airangement. in which 
an amplifier according to the present invention is useful; 
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FIG. 1 1 zs a diagram illustrating drive dgnal and bias aignal provided to 
an amplifier element as a function of input signal ampHtude, according to 
another embodiment of the present invention; and 

FIG. 12 is a flow diagram illustrating the main steps in an embodiment of 
a method according to the present invention. 

DETAILED DESCRIPTION 

In a radio frequency appUcation for power amplifier, as ilhistrated e.g. in 
Fig. 1, a pov^er amplifier 2 is arranged in a radio transmitter 10 for 
amplification of several narrowband channels simultaneously. The radio 
transmitter 10 comprises in this embodiment of a general input combination 
unit 6, receiving input signals from a number of sources, each one 
representing a channel, carrier etc. The input signals are combined in the 
general input combination unit 6 into a multi-channel signal. The multi- 
channel signal is provided to the power amplifier 2 for simultaneous 
amplification. The amplified signal is finally provided to a transmission 
element 4. Alternatively, base-band signals are provided as input signals and 
an up-conversion to the radio frequency is additionally provided. The details 
of the operation are omitted, since they axe perfoimed according to 
conventional techniques and do not concern the essential parts of the 
present invention. 

In order to preserve the phases and amplitudes of all signal components in 
the amplification process and to prevent leakage of interference signal energy 
mto frequency bands outside the channels, a high degree of linearity is 
required in such an amplifier. 

Power amplifiers can be found in many fields of technology. The applications 
may range from consumer electronics, radar technology to mdio 
communication. The b^smitter iUustrated in Fig. 1 is assumed to be a part 
of a radio communication ^tem. It should though be understood that the 
mvention is not limited thereto, and that other appHcations are feasible as 
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weU. However, references to appKcations within the field'^^^'of '^^^o'"'' 
conmiunication will be made in the present disclosure for serving as 
examples. 

An embodiment of a radio communication system 1 is ilhistrated in Fig. 2. 
The system comprises a number of cells 5, covering a certain system area. 
Each ceU 5 has an associated base station 9. which provides for radio 
communication within ceU boundaries, represented by circles in Fig. 2. In 
this particular embodiment, the radio communication is provided by omni- 
directional transmitters- A mobile unit 8 being present in one of the ceU 
communicates with the base station 9 of that cell. For reducing complexily of 
the aiustration, onfy one base station 9 and one mobfle unit 8 have been 
illustrated in the figure. The base station 9 and/or the mobUe vmit 8 may be 
equipped with a transmitter equipment, e.g. according to Fig. 1. and the 
power amplifier is preferably designed according to the present invention. 

In Fig. 8, an embodiment of a power ampUfier 2 is illustrated. The power 
amplifier 2 comprises a input signal terminal 53, on which a input signal 35 
is received. This signal is intended to be amplified and provided as a radio 
frequency output signal 55. The input signal 35 is in this embodiment a 
digital signal representing a baseband version of the signal to be 
transmitted. The input signal terminal 53 is connected to a pre-distortion 
unit 20. which pre-distorts the input signal 35 into a drive signal 26. This 
pre-distortion will be described more in detail further below. The pre. 
distortion unit 20 is in this embodiment a digital pre-distortion unit 20. 

The input signal terminal 19 is also connected to an input detector 40, 
which is arranged to determine an instantaneous (envelope) size measure of 
the input signal 35. The size measiore is preferably the power of the input 
signal 35 or a quantity derivable therefrom, e.g. ampKtude. The input 
detector 40 has an output connected to the pre-distortion unit 20, whereby 
the pre-distortion unit 20 can apply a pre-distortion dependent on an signal 
47 representing the instantaneous amplitude of the input signal 35. 
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An output of the input detector 40 is also connected to a bias signal 
generator 30, which generates a bias signal 36 to be used for providing the 
actual ampliiication operation. The bias signal generator 30 can thus provide 
a bias signal 36 dependent on an signal 47 representing the instantaneous 
amplitude of the input signal 35, In the present embodiment, the bias signal 
generator 30 is digital. 



In the present embodiment, the input detector 40 is indicated as a separate 
10 unit. However, the input detector 40 can also be implemented as a part of 

the pre-distortion unit 20 and/ or the bias signal generator 30, respectively. 

The drive signal 26 is in the present embodiment processed in an inverse 
filter device 21, described somewhat more in detail further below. The 
15 inverse filter device 21 is in this embodiment digital. The filtered (and/ or 

delay compensated) signal is brought further to a digital-to-analogue 
converter (D/A) 22 for the provision of an analogue signal. The s^al is then 
in this embodiment modulated to a radio-firequency a RF chain 23. 



The bias signal 36 is according to the present embodiment similarly treated 
in an inverse filter device 31. The filtered (and/or delay compensated) signal 
is then broi^t further to a digital-to-analogue converter {D/A) 32 for the 
provision of an analogue bias signal, which subsequently is amplified in a 
bias amplifier 34. 

The drive signal and the bias signal are matched in a matching imit 25 and 
provided to an amplifier element 50, performing the actual amplification 
according to the selected drive signal and bias signal. A radio frequency 
output signal 55 is thus provided. 



The drive signal passes tihirough a number of steps in a drive signal path 51, 
between the inverse filter device 21 and the matching unit 25. The signal 
processing, digital and/or analogue, along the drive signal path 51 may 
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influence the delay and frequency response of the drive signal. Similarly, the 
bias signal also passes through a number of steps in a bias signal path 52, 
between the inverse filter device 31 and I the matching imit 25. The signal 
processing, digital and/or analogue, alojng the bias signal path 52 may 
5 influence the frequency responses and d^lay of the bias signal. If response 

and delay differences along the different signal paths 51, 52 differs, which is 
the case in a typical amplifier, the drivp signal arriving at the ampli&er 
element 50 does not correspond to the biaW signal arriving at the same time, 

unless inverse filtering and/ or delay compensation is peiformed. Such 

1 

10 compensation or means for causing simtiltaneousness comprises in the 

present embodiment the two inverse filter devices 21 and 31, respectively- 
The parts mostly responsible for frequency dependencies are the radio 
frequency chain, which typically includes several filters, the radio frequency 
match and the bias network and the bias iamplifier. The inverse filter device 

15 21 causes distortion and/or delay compenisation of the drive signal, which is 

inverse to the distortions and delays caused during the signal path 51, 
thereby the name. It means that when! the signal has passed both the 
inverse filter 21 and the signal path 51, substantially all distortions have 
cancelled and delays are equal. Similarly, the inverse filter device 31 causes 

20 a distorted frequency response and delajr compensation of the bias signal 

that is inverse to the distortions and delays caused during the signal path 
52. It analogously means that when the! bias s^al has passed both the 
inverse filter device 31 and the signal patli 52, all distortions have cancelled 
each other. The safest way to accomplish that the drive and bias signals are 

25 simultaneous at the input node is to inverse-filter both parts. This takes 

away the frequency dependencies for tljie nonlinearly processed signals 
: within the bandwidth of the inverse filters, j 



In particular in high-linearity wideband applications, it is important that the 
bias and pre-distorted drive signal coincide at the input node of the amplifier 
element. 
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The power ampUfier 2 of the illustrated embodiment also comprises a feed- 
back arrangement 48. The radio frequency output signal 55 is sensed by a 
feedback sensor 41, The feedback sensor 41 also preferably performs a 
radio-frequency down-conversion. The sensor signal is processed in an 
analogue-to-digital (A/D) converter providing a signal 46 representing the 
radio frequency output signal 55, This signal 46 and the input signal are 
provided to an adaptation unit 44. The adaptation unit 44 modifies the 
operation of the bias signal generator 30 and the pre-distortion unit 20 by 
supplying coefficient modifications of coefficients stored in the look-up tables 
53, 54. The bias signal generator 30 and the pre-distortion unit 20 are 
arranged to adapt their actions accordir^y. 



15 



20 



25 



From Fig. 8 it is easily seen that there are means for detecting the 
, instantaneous ampHtude of the input signal and to use this information for 
controlling the bias signal as well as the pre-distortion of the drive signal in 
order to achieve an output signal of requested properties. 

The output of an amplifier element, e.g. a field-effect transistor or a bipolar 
transistor, is basically dependent on the drive signals, a bias signal and the 
inherent amplification properties of the amplifier element. According to the 
present invention, both the drive signal and the bias signal are controlled 
based on the amplitude of the input signal. In Fig. 3, drive signal 26 and 
bias signal 36 used in an operation of a power amplifier accordii^ to an 
embodiment of the present invention based on a linear-transconductance 
amplifier element is iDustrated. The ampUtude of the drive signal 26 and bias 
signal 36 are plotted as functions of the ampUtude of the input signal. An 
output signal 55 of the amplifier element is also iUustrated. In this particular 
embodiment, one object is to keep the 'output signal 55 linear with respect to 
the input signal. A Unear amplitude; range 13 covers in liiis embodiment 
thus the entire amplitude range. As an additional object, the total power 
consumption of the arrangement is kept low and also the bandwidth of the 
drive s^nal. 
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A power amplifier can be biased in many dififerent -wajrs. Operating a power 
amplifier as a so-called clas5i A amplifier means that the amplifier is 
constantly conducting and delivers a instantaneous current that is higher 
than zero. To achieve this, th6 power amplifier is biased to a DC voltage 
corresponding to the peak amplitude of the radio frequency input voltage. 
This is the only way to get maximum radio-firequency current, and hence 
maximum output power for linear transconductance and most cases of 
quasi-linear transconductance devices; Well-adjusted class A biasing can 
give good linearity, but sometimes not enough for demanding applications. 
In such cases, further linearization is needed. However^ the quiescent 
current in class A is large, which means that the efficiency becomes very 
poor. Adaptive quasi-static biasing, see e.g. [3-7] does not improve efficiency 
but provides the adjustment to he class A amplifiers for improving linearity. 

For keeping a good efficiency, but still having access to the maximum power, 



the bias signal according to the 



give a class A operation for the maximum amplitude. However, for lower 
amplitudes, the biasing level is reduced. In other words, there exists a first 
amplitude, such that the amplitude-averaged value of the bias signal for an 
amplitude interval over this first amplitude is higher than the amplitude- 
averaged bias signal as taken ovjer the entire amplitude range- 



much 



The average efficiency is not 
probability for the highest 
density of a mix of sufficiently 
tends to be similar to a Rayleigt: 
power ratio. In Fig, 6, an 
distribution 15 is illustrated, 
the amplitude distribution 
decreased efficiency for the 
efficiency in any substantial maiimer. 



exaxnpL 



Hegre 



present invention is preferably controlled to 



affected by doing this, since there is a low 
amplitudes to occur. The amplitude probability 
many independent radio firequency channels 
distribution, having a large peak-to-average 
ie of such a amplitude probability density 
it cari be seen that a very small portion of 
appe^ at or close to the maximum amplitude. A 
highest amplitudes will thus not affect the total 
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When discussing bias levels in the present disclosure, these levels "are* 
generaUy given relative to a turn-on voltage of the power amplifier. 

A class B operation corresponds to a biasing, which delivers half-wave 
rectified current pulses, conducting during half a radio fi^quency cyde. 
Class AB denotes the bias region betiveen class A and class B. A further 
reduction of the biasing level. i.e. the introduction of negative biasing 
potentials reduces the "on'-period further and so the total efficiency 
increases. Such negative biasing is referred to as class C. 

Returning to Fig. 3, the amplitude of the drive signal here consists of a 
mixture of the first and third powers of the input amplitude, which means 
that this signal can be contained within three times the bandwidth of the 
input signaL This will be discussed further below. The bias signal to the 
amplifier is dynaxnicaUjr changed according to the curve shown, for achieving 
a linear output signal with the employed drive signal. Due to the substantial 
amount of class C operation, the average efficiency is good. 

Both the pre-dietortion of the drive signal and the bias level can be 
calculated from the squared ampHtude p,e. normalized instantaneous power) 
of the input signal, or by the envelope of the input signal. i.e. its ampUtude. 

For amplitudes differing considerably &om maximum ampUtude. it is 
typicaUy unsuitable to use class A amplification, due to the loss in efficienqr. 
Prom Fig. 3 it is easily seen that when reducing the amplitude fh)m 
maximum ampUtude. the bias signal decreases in this embodiment through 
class AB operation, passes class B operation and in the intermediate 
amplitude range, a class C operation is used. Thus, in an amplitude range 
11. the bias signal increases with increasing input signal ampUtude. 
Preferabfy. this increase continues aU the way to the maximum amplitude in 
order to provide class A operation only at amplitudes close to the maximum. 
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A dotted line 16 indicates the mean bias level averaged over the entire 
amplitude range. In Fig. 3 it can be noted that the bias signal 36 is kept 
below this amplitude-averaged bias level in an ampHtude range 12. The 
ampUtude range 12 thus represents a range, where the efficien<gr of the 
amplifier is relative^ high. By comparing Fig. 3 and Pig. 6, one realizes that 
class C operation, i.e. within broken lines, as wiu as operation within the 
range 12 (dotted lines) faUs in an amplitude rangj having a large portion of 
the total amplitude distribution. In other words, a 
to be amplified fall within the range 12. This 
efficiency of the power amplifier. 



In Fig. 4a, drive signal, output signal and bias signal for a class B amplifier 
vpith pre-distortion according to prior art are iiustrated as functions of 
amplitude. Similarly, in Fig. 4b, drive signal, outout signal and bias signal 
for an amplifier with dynamic bias according to prior art, e.g. [11], are 
illustrated as fiinctions of amplitude. It can here 
bias signal presents a monotonically decreasing bshavior, in sharp contrast 
to the increasing behavior in range 11 {Fig. 3) discussed above. These two 
systems are in the following used as comparison iL the devices according to 
the present invention. The peak amplitude for the 
and Fig. 4b are equal. 



large portion of all s^als 
will increase the overall 



systems of Fig. 3, Fig. 4a 



A solution according to the state of the art to the problem of biasing in or 
near class B when using practical devices is typicailty to use dynamic biasing 
to get a constant gain over the input range, as seen in e.g. [8. 11, 12, 13]. 
Three major problems are associated with this. First, for systems with high 
Unearity requirements, constant gain is not enough to ensure linearity. The 
ampUfier also has an ampUtude to phase distortioa, which is not addressed 
by the dynamic biasing and thus needs furthsr lineaiization, i.e. pre- 
distortion such as in [10] or feedback such as in [it]. 



The second problem is that constant-gain 
possibiHty of obtaining maadrnxam power while 



dynanic bis^ing excludes the 
maijntaining a h^ efficiency. 
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This IS because the maximxam output power is associated with operation in 
pure class A, which also has the hi^iest gain. The amplifier must then, for 
operation with constant gain and maximum peak output power, be biased 
essentially always in class A. This degrades efficiency drastically. ' 

The third problem is that efficiency is lower than with class B biasing, since 
the device is biased in class AB at low and medium levels [1 1, 12, 13]. The 
difficulty of simioltaneously obtaining high linearity and high efficientgr is 
further illustrated in [9]. 



The conclusion is that the state-of-the-art solutions using dynamic biasing 
have deficiencies in several ways, mostly associated with obtaining high 
efficiency together with high output power and good linearity. However, these 
deficiencies are easily overcome by devices and methods according to the 
15 present invention. 



20 



In Fig. 5, the efficiency of a class B amplifier with constant 
transconductance is plotted in a diagram as a fvmction of input ampUtude as 
a dotted line. The efficiency of the system of Fig. 4a is plotted in the diagram 
as a function of input ampUtude as a broken Kne with short sections. The 
efficiency of the system of Fig. 4b is plotted in the diagram as a function of 
input ampUtude as a broken line with long sections. Finally, the efficiency of 
the system of Fig. 3 is plotted in the diagram as a function of input 
ampUtude as a full line. From this, it is easily seen that both the cfynaraic 
bias system and the pure class B ampUfier aro less efficient than the pre- 
distorted ampUfier and the present invention in those regions having the 
: highest ampUtude distribution probabiUly, The average efficiencies, for a 

signal having a 10-dB pcak-to-averagp Rayleigh ampUtude distribution are 
: 30 % for class B with pre-distortion, 24 % for dynamic biasing and 30 % for 

??': the embodiment according to Fig. 3. 



25 



A large disadvantage with class B ampUfier with prc-distortion, besides the 
problem of not obtaining roaximcum power, is that a large bandwidth has to 



'02 06/19 10:59 FAZ +46 Id 153050 



10 



15 



20 



25 



AROS ^iiATEN^^ AB 



PA- 



IS 153050 



[g]019 



16 



^? -05- 1 9 

be used. A major cause of tho large bandwidth expansion for the radio 
frequcncjr drive signal in the pre-c istorted class B amplifier is the very low 
gain at low levels for linear transconductance devices or quasi-linear 
transconductance devices, which need to be counteracted by a substantially 
root function amplitude distortion, as further explained here below. The 
constant gain dynamic biasing solvps this problem, but with a severe penalty 
in efficiency, as seen above. 

The trade-off involved in the choic e of bias level (static or quasi-static) and 
predistortion is mainly the bandwjdth expansion. The closer the circuit is 
biased towards class B, the more p-onounced is the non-linear response. For 
linear transconductance devices, this response develops towards the square 
of the input signal amplitude. The pre-distortion that counteracts this 
development therefore develops towards a root function in amplitude. Such a 
function has a very large bandwidth^ i.e. a large bandwidth expansion, 
compared with the original signal. For a certam level of linearity in the 
output, the bandwidth of the predistortion circuitry must thus be made 
much greater for a device biased in class B than for devices biased more into 
the class AB region. Since high-precision pre-distortion is usually performed 
with a digital processing, a wider p re-distortion bandwidth means that more 
wideband digitai-to-analogue (p/A) converters must be used. These 
converters are generally more expensive than more narrowband ones, and in 
some cases the required combinaton of precision and bandwidth does not 
even exists making it impossible to increase efficiency by biasing more 
towards class B with maintained liaearitjr. 



accomplished 



The solution to this, as offered by 
abandon constant g^dn biasing in 
efficiency. This can be 
biasing in the region where the 
signal spends most of the time, i 
with a boost in drive amplitude in 
coming from biasing in class C. 



the present invention, e.g. Fig, 3, is to 
fpvor of something that allows for greater 
by the earlier demonstrated class C 
aihplitude of a multi-carrier or multi-user 
in the middle region. Hiis is combined 
this region, to counteract the lower gain 
l^e non-linear drive boost can be forced to 
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occupy a much narrower bandwidth than the pre-distortion bandwidth of 
the class B amplifier, by mainly allolwing only an odd-powers, low-order 
modification. 

The modified, substantially low-order, amplitude function of the drive signal 
in Fig. 3 can not generally compensate for the low gain of class B, or even 
lower gain of class C biasing, at low Jmplitude levels. This means that the 
ampliiier must be taken out of this high-efficiency mode in this ampUtude 
region, which can be accompKshed by biasing in class A or AB, The average 



efficiency loss for this is not veiy 
probability densily generally is low also 



ligh, however, since the amplitude 
for low amplitudes. 



By comparing Fig. 3 and Fig, 4a, it can be noticed that in Fig. 3, the drive 
signal has a pronounced maximimi at intermediate ampHtudes, while the 
gradient at low ampUtudes is kept relatively low. Such a shape of the pre- 



distortlon is relatively easy to achieve 



by using low-order components. The 



sharp initial increase of the pre-distorted drive signal to the class B of Fig. 4a 
requires a fairly high degree of high-order components. 

In a comparison between the systems discussed above, it can be noted that 
the system according to the present invention has at least 0.7 dB more peak 



output power, which means that the 

system, peaking in class A, is 85 % of tkat of the two other systems, peaking 
in class B. This is because the peak voltage amplitudes are equal for the 
three systen^, if they all have perfec 
eqpaal suppty voltages. The harmonics of the current wave form are 
considerably lower in the peak ampUtude range for the system according to 
the present invention. The demands for termination wiU therefore also be 
reduced. 



optim\mi load resistance for such a 



illustrated 



The bandwidth requirements are 
es^ansions of the processed drive signal 
and Fig. 4b are shown as well as the 



in Figs. 7a-e. The bandwidth 
for the three cases of Fig. 3, Fig. 4a 
^andwidth of the bias signal. Fig. 7a 
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illustrates the pre-distorted class B amplifier, and the root shape of the drive 
signal results in a broad bandwidth expansion. The bias signal for this case 
is not shown, since it consists of only DC or slowly adjusted DC, which 
needs only a veiy narrowband D/A converter. Fig. 7b illustrates the bias 
5 signal of the the constant gain d3naaniic bias case. Fig. 7c illustrates the 

corrersponding drive signal, centered around a central radio frequency. The 
bias signal is dominated by DC and a second order component in the 
amplitude. The bias signal therefore has the same bandwidth as the input 
signal. However, the drive signal bandwidth is significantly narrower. Finally, 

10 in Fig. 7d and 7e, bias signal and drive signal, respectively, of an 

embodiment of the present invention corresponding to Fig. 3 is illustrated. 
Here it is seen that the bias signal has significant components above order 
four, which means that it has at least twice the input signal bandwidth. 
However, the drive signal consists of predominantly first and third order 

15 components, which means that the bandwidth expansion is reduced to 

about three times the input signal bandwidth. The requirements on the D/A 
converters are thus kept at a relatively moderate level. 

The above discussed bandwidth diagrams are only examples of possible 
20 cases. Cases with better or worse bandwidth distribution than the discussed 

ones may be provided. 



The radio frequency and bias signal spectra show that this example of the 
new system according to the present invention in practice does not require 
25 more available D/A converter bandwidth for producing the radio frequency 

signal than the constant gain dynamic bias scheme, even if the level of the 
: sidebands is higher. Furthermore, the total bandwidth of the radio fi:equency 

signal for the class B amplifier with pre-distortion might weU need to be 
larger than the combined radio frequency and bias bandwidths of the new 
$9': system for achieving linearity. This is important, since not only does the new 
system split the bandwidth requirement in two parts, which by itself makes 
it easier to find D/A converters that fit, but it also lessens the total 
requirement for D/A bandwidth. 
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In the case of an input signal is in digital, complex number form, the 
squared amplitude is easily calculated as the sum of the squared in-phase (I) 
and quadrature-phase (Q) components. Fig. 9 illustrates a detail of a 
possible system using the squared amplitude as the input to a stored-table 
lookup system for providing radio frequency drive and bias modifications. 
Preferably, the lookup system is improved by interpolation. The components 
of the digital complex input signal are summed quadratically in a squaring 
and summing unit 43 of the input detector 40. This squared ampUtude is 
provided as a control signal 47 as in input to a complex table 27 of the pre- 
distortion uiiit 20. The output of the complex table 27 may be interpolations 
betV(re«i table values and provided to a complex mxiltiplier 24, where the 
complex table 27 output is multiplied with the input signal 35. The result is 
provided to a complex-to>real upconverter 29 supplied by a digital oscillator 
28. The result is provided as the drive signal 26. 

Similarly, the control signal 47 is also provided as an input to a real table 37 
of the bias signal aerator. The output of the real table 37 may be 
interpolations between table values and provided as the bias signal 36. 

This arrangement is also easily integrated with an adaptation means 44. The 
tables are in such an arrangement preferably adapted to maintain linearity 
and output power also when circuit parameters change due to temperatim 
and drift. This adaption is performed by signals repres«iting coefficient 
modifications of the coefficients stored in the look-up tables. These 
coefficient modifications are provided fi?om the adaptation means 44 to the 
complex table 27 and the real table 37, respectively. 



F^. 12 illustrates the main steps of an embodiment of a meOiod according to 
the present invention. The procedure starts in step 200. In step 202. the 
instantaneous ampUtude of the input signal, or a quantity related thereto 
and derivable therefixjm. is detected. A drive signal is derived from the input 
signal in step 204. This drive signal deriving is preferably a pre-distortion of 



32) 
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the input signal, dependent on the determined amplitude. In step 206, a bias 
signal is generated, which also is dependent on the determined amplitude. In 
step 208, the drive signal is amplified using the bias signal level to provide 
an output signal. The procedure ;ends in step 214. 

5 ; 

i 

Thus, by using the properties of the projected amplitude probability 
distribution, it is possible to perform modifications in drive and bias signals 
that reduces the radio frequencr|r drive bandwidth expansion and increases 
output power relative to the pre-distorted class B amplifier, and increases 
10 efficiency and output power compared to constant-gain dynamic biasing 

schemes. 

When quasi-linear transconductance devices are used, the same ideas can 
be used as for the system of Fig. 13. Usually, the maximum power is obtained 
15 hy peaking in class A, but if the constant part of the transconductance curve 

is large, peaking in class AB bias might give the hi^est output power. This 
is also the case for truly constant-transconductance devices. The method 
according to the present invention can easily be modified to provide peaking 
in the highest output power class AB mode. 

20 

By allowing both the pre-distor^on and the bias signal to vary with input 
signal ampUtude, one additional degree of fiwdom is achieved, which can be 
used in order to optimize the system behavior in dififerent aspects. When 
bandwidth is a limiting factor, it may be wise to first select a suitable pre- 
25 distortion function, having the desired bandwidth. Thereafter, the bias signal 

can be adjusted on ordCT to provide the required output characteristics, 
: However, the opposite procediife is also possible, i.e. first determine a 

smtable bias signal function an^l then adapt the pre-distorted drive signal 
according to bias signal. It is furtiiermore possible to adapt both the bias 



signal function and the pre-distorted drive signal to achieve the required 
properties. 
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In the previous tsxamples of the new system, some specific choices have been 
made. For example, the bandwidth of the drive signal has been forced to stay- 
within three times the input signal bandwidth. In case wider bandwidth can 
be afforded in the D/A converters and radio frequency chains this can be 
used to improve efficiency. Higher average efficiency can be obtained if the 
class AB and A regions for low and high ampUtudes can be made smaUer, 
thus increasing the class C region. This requires the use of a more wideband 
radio frequency drive signal. 

The limitation of bandwidth expansion for the radio frequency drive signal 
does not have to be carried out by explicitly using only low and odd powers 
of the input ampUtude. In practice, higher powers, and functions not 
described by a power series, can be allowed, provided that the signal has 
little energy outside the allowed frequen<y range. 

If one of liie improvements that are possible with the new system is more 
important than the others, only a part of the ideas may be needed. This can 
in some cases reduce the complexily, or give improved performance. For 
example, using the h^hest output power class A (or AB) biasing in the high 
end can be combined with class B, root function pre-distortion in the low 
end, with or wMiout using an intermediate class C region. In this case the 
ideas are to be applied to an abeady existing system. The strategy is to make 
the fullest use of the bandwidth capabilities in the system, to improve 
efficiency, output power, or both. 

An issue related to maximum power is the output power when the ampUfier 
is overdriven. Overdrive is reflected in the output current waveform as a 
flattening of, or sometimes even a dip in, its uppermost part. This waveform 
can contain more fundamental radio frequency current than the non- 
flattened waveform, and so can give some increase in output power. To make 
use of this iratential oulput power increase, drive and bias level 
modifications that together give linear output in the overdriven region must 
be determined. To limit the bandwidth expansion for this case, it may be 
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useful to use another bias signal shape in the high end of the non-ovS^vea ' 
amplitude region, to go more smoothly into the overdriven region. It should 
also be noted that more harmonics are generated under oveixiriven 
conditions, which can be detrimental to the system. 

5 

The ideas used in the present invention can also be used for generating eg. 
the non-linear currents of a Doherty "auxiliaiy" amplifier, for improving such 
a system to cope with linear-transconductance devices and increasing 
output power. A typical embodiment of a Doherty amplifier arrangement 60 

10 is illustrated in Fig. 10. A radio frequenqr signal is simultaneously provided 

to a main amplifier 62 and an axaxiliary amplifier 64. The drive signal to the 
auxiliary amplifier 64 is modified in a controller 66 in order to achieve an 
operation of the auxiliary amplifier 64 (also called peaking amplifier) only at 
high amplitudes. The output signals are combined with a quarter wavelength 

15 difference 68 to provide the output signal to the transmitter 4. The particular 

detaUs of the arrangement is not of particiolar importance for the present 
invention, but the important feature is the operation of the auxiliary 
amplifier 64» The operation is performed as a Junction of the input signal 
amplitude, whereby the auxiliary amplifier 64 will start to give a zero output, 

2 0 and only above a certain amplitude give a linear output. 

Here, the most important thing is to reduce the average DC current 
consxnnption, while at the same time obtain the maximum output radio 
frequency cxirrent for the signal peaks. This means that, for all linear and 
25 most quasi-linear transconductancc transistors, class A should be used at 

the peaks. Since ideally no radio frequency current should be produced at 
; ampUtude levels below a certain pomt in ampHtude dimension, the device 

can be biased in class C at low ampHtude levels. I prior an, class C is 
typically used all the time for linear and quasi<linear transconductance 
transistors which limits output power and efficien<y. 



In Fig. 1 1, drive and bias signals of an embodiment an axudliaiy amplifier of 
a Doherty amplifier arrangement according to the present invention are 
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iUustrated. It can thus be noted that even by keeping the drive signal 
essentiaUy linear, a bias signal according to the figure can give the requested 
output signal behavior. The low-order drive signal results in a bandwidth 
essentially equal to the input signal bandwidth. In an amplitude range 14, 
the output signal is essentiaUy zero. This is achieved by reducing the bias 
level considerably. The bias signal is kept below the amplitude-averaged bias 
signal level 10 in the amplitude range 12, and is allowed to increase in the 
amplitude range 11 to give an almost linear rise of the output signal for 
larger amplitudes. 



The signals according to Fig. H can for instance deliver 18 % more radio 
frequency current during the peaks, compared to a typical pre-distorted 
class B arrangement, due to the use of class A biasing in this end. 
Purthermore, a pre-distorted class B arrangement has a very abrupt onset of 
15 the drive signal, which causes a wide spectral bandwidth. 

It is thus immediately realized that the principles according to the present 
invention can be used on a wide variety of sjrstems. Different single amplifier 
clients having different characteristics can be used, and the amplifiers can 
also be used in more elaborate amplifier azrangemaits. Non-exclusive 
examples are Doherty amplifier arraz^ements, Chireix amplifier 
aman^ments and amplifier arrangements using envelope elimination and 
restoration techniques. 



Other non-linear current functions can also be generated with the proposed 
methods. Qenerally, maximum output power and efficiency can be improved 
compared to the other systems, but in case large phase variations with 
amplitude are to be incorporated, large reductions in drive signal bandwidth 
might not be feasiUe. 

The invention disclosed herein makes it possible to get the maximum output 
power, or output current, from a practical radio frequency transistor, with 
high efficiency and good linearity. The system improves ou^ut power and 
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efficiency compared to a constant-gain dynamic biasing ssrsteni^^' anf ^ ^^^^""^ 
improves usefUl bandwidth and outpujt power compared to a pre-distortcd 
class B amplifier. The improvement^ are fairly inexpensive. Increased 
bandwidth for the bias signal is the main compUcation, and for this a higher 
efficiency, more output power and reduced and partitioned D/A-converter 
bandwidth are achieved. The same ideas that are used for making efficient 
linear amplifiers can also be used for tlie nonlinear "peaking" ampliiier in a 
Doherty amplifier system, as weU as for creating other more or less non- 
linear current functions required in amplifier systems. 

I 

t 

The system can be made more robust than prior art systems, since the 
possibilily of achieving significantly more output power with retained or 
increased efficiency facilitates the inclusion of margins for circuit errors. The 
reduce generation of harmonics in the high-power end also lessens the 
requirements for repeatable circiiit; characteristics at the harmonic 

1 

frequencies, which increases the inoduction yield. 



20 



It will be understood by tiiose skilled in the art that various modifications and 
changes may be made to the present invention without departure from the 
scope thereof, which is defined by the aj^pended claims. 
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1- Method of i»t>viding a radio firequency output s^al (55), comprisii^ 
the $teps of: 

5 detenniiiing an instantaneous size measure of an input signal (3S), 

said sise measure being an amplitude or therefrom derivable quantily; 
deriving a drive signal (26) from said input signal (35); 
providing a bias s^al (36); and 

amplifying said drive signal (26) using a bias level according to said 
1 0 bias signal (36) into said radio frequexuy output signal (55); 

diaraeterized in that 

said bias signal providing step is controlled dependent (47) on said 
instantaneous size measiore for producing a predetermined output 
characteristies, whereby a bias signal amplitude-averaged over an amplitude 
15 interval above a first amplitude is higher than a bias signal amplitude- 

averaged over en entire amplitude range. 

2. Method according to claim 1, ehaiacterized in that said deriving st^ 
comprises the step of pre-distorting said input signal (35) dependent (47) on 
20 said instantaneous size measxore. 



3. Method according to claim 1 or 2, charaeteYised in that said bias 
signal (36) is controlled to, for all amplitudes within a first amplitude range 
(11), increase with increasing amplitude* 

4. Method according to any of the claims 1 to 3, characterized in that 

said bias signal (36) is controlled to be, for all amplitudes witiiin a second 
amplitude range (12), lower than said bias signal amplitude-averaged over said 
entire amplitude range. 



5. Method according to claim 3 or 4, characterized in that said first 
amplitude range (11) comprises maximimi amplitude. 
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6, Method according to any of the claims 1 to 5, dianeterLsed in that 
said bias signal (36) is controlled to be laig^ than a class B bias level at 
maximum amplitude. 

5 7. Method according to any of the claims 1 to 6, ehatactarized In that 

said bias signal (36) is controlled to gjrv^ a high peak power at maximixm 
amplitude. 

8. Method according to any of the claims 1 to 7, ehazacterlzed by the 
10 further steps of: 

selecting a pre-distortion function having a predetermined bandwidth; 

and 

adapting bias s^;nal (36) according to said pre-distortion function. 

15 9. Method according to claims 8, characterized in that said pre- 

distortion function contains predominantly low-order components, 

10- Method according to any of the claims 1 to 7, characterized by the 

further steps of: 

20 selecting said bias signal (36) according to predetermined relations; 

and 

adapting said pre-distortion function according to said bias signal (36). 

11. Method according to any of the claims 1 to 10, eharacterized in that 
2 5 said output characteristics, at least for a third amplitude range (13), is linear. 

* » • • « 

: 12. Method according to claim 11, charactezized in that said output 

characteristics is substantialijr linear over the entire amplitude range. 



13. Method according to any of the claims 1 to 10, characterized in that 
said output characteristics comprises a substentially zero output signal within 
a fourth amplitude range (14). 
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14. Method accoiding to any of the claims 1 to 13, characteiiEed hy the 
further steps of: 

determining a feedback signal (46) of said radio frequency output 
signal (55); and 

5 adapting said drive signal p6) and/or said bias sxgx^ (36) according to 

said feedback signal (46), 

15. Method according to any of the claims 1 to 14, ehazacterized by the 
further steps of: 

10 causing said pre-distorting and bias signal providing steps to be 

simultaneous at the input of said amplification, 

16. Method according to claim 15, characterised in that said causing 
step in turn comprises at least one of the steps of: 

15 inverse filtering of said drive signal (26) with respect to a first signal 

path (51) to an amplifying element (50); 

delay compensation of said drive signal (26) with respect to said first 
signal path (51) to an amplifying element (50); 

inverse filterii^ of said bias signal (36) with respect to a second signal 
20 path (52) to said amplifying element (50); and 

delay compensation of said bias signal (36) with respect to said second 
signal path (52) to said amplifying element (SO). 

17. Method according to any of the claims 1 to 16, characterized by the 
25 further step of: 

• ; - : compensating current satiiration at high amplitude end. 

* 

18- Use of a mettiod according to any of the daims 1 to 17 in a radio 
frequency amplifier arrangement of a type selected from the list of: 
Doherty amplifier arrangement (60); 
Chireix amplifier arrangement^ and 

amplifier aiTang^[nents using envelope and restoration enhancement 
techniques. 
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Radio frequency power ampli&ei 
input signal terminal (19); 
input detector (40) arrac^d 
measure of a signal (35) on said input 
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(2; 62, 64), comprising: 

to determine an instantaneous size 
signal terminal (19), said size measure 



being an amplitude or therefirom derivable quanti^ 

drive signal deriving means 20) connected to said input signal 
terminal (19), providing a drive signal (26); 

bias signal generator (30) providing a bias signal (36); 

amplifying dement (50), connec ted to said drive signal deriving means 
(20) and said bias signal generator (30); 
characterized in that 

said bias signal generator (30) is connected to said input detector (40), 
being controlled dependent (47) on Laid instantaneous size measure for 
producing a predetermined output characteristics of an output of said 
amplifying element (50), whereby a bias signal amplitude-averaged over an 
amplitude interval above a first amplitude is higher than a bias signal 
amplitude-averaged over an entire amplitude range. 



20. Radio frequency power amplifier 
in that said drive signal deriving means 
connected to said input detector (40), 
instantaneous size measure. 



according to claim 19, characterized 

comprises pre-distorting means (20) 
being controlled dependent (47) on said 



21. Radio frequency power ampbfier according to claim 19 or 20, 
characterized in that said bias signal generator (30) in turn comprises 
means giving a bias signal (36), whch for all amplitudes within a first 
amplitude range (1 1), increase with incneasing amplitude. 



I©' 



22. Radio frequency power amplifi< 
21, charactexized in that said bias s 
means giving a bias signal (36), 
amplitude range (12), is lower than an 



according to any of the claims 19 to 
goal generator (30) in turn comprises 
whici for all amplitudes within a second 
amplitude-averaged bias signal (16). 
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23. Radio frequency power amplifier according to az^ of the claims 19 to 

22, characterised by further comprising: 

feed-back airangement (48), in turn comprising a feedback sensor (41) 
monitoring said output of said amplifier element (50) and adaptation means 
(44) connected said bias signal generator (30) and said pre-distordon means 
(20) for providing said bias signal generator (30) and said pre-distortion means 
(20) with a feedback signal (53, 54); 

said bias signal generator (30) and said pre-distortion means (20) being 
arranged to adapt their actions according to said feedback signal (S3, 54). 

24. Radio frequency power amplifier accordix^ to any of the claims 19 to 

23, characterized by further comprising: 

simultaneousness-causir^ means (21, 31) for causing said drive signal 
(26) and bias signal (36) to be simultaneous at in input of said amplifying 
element (50). 



20 



25 



30 



25. Radio frequency power amplifier according to claim 24, characterized 
in that said coincidence causing means in tum comprises at least one of: 

inverse filter (21) connected between said pre-distortion means (20) 
and said amplifying element (50), for compensating for a first signal path (51) 
to said amplifying element (50); and 

inverse filter (31) connected between said bias signal generator (30) 
and said amplifying element (50), for compensating for a second signal path 
(52) to said amplifying element (50). 

26. Composite radio frequency power amplifier (60), characterized by 
comprising at least one radio frequency power amplifier (2; 62, 64) according 
to any of the claims 19 to 25 as a sub-amplifier. 

27. Composite radio firequency power amplifier according to claim 26, 
ehaneterlzed in that said composite radio frequency power amplifier is 
selected fix>m the Ust of: 



'02 06/19 11:04 FAX +46 IS 153050 AROS P/AEINT AB PAIENTVERKET ©034 



10 



15 



25 



SO 



.46 18 153050 •• l:--'1.r:.:-."-r-r:^.v:,;:3t 



Doherty amplifier arrangement (60); 
Chireix axnplifier arrangement; and 

amplifier arxangements using envelope elimination and restoration 
techniques. 

28. Transmitter, having a radio frequency power amplifier (2; 62, 64), said 
radio frequency power amplifier (2; 62, 64) oomprisii^: 
input signal terminal {19); 

input detector (40) arranged to determine an instantaneous size 
measvire of a signal (35) on said input signal terminal (19), said size measure 
being an ampUtude or therefrom derivable quantity; 

drive signal deriving means (20) connected to said input ^gpal 
terminal (19), providing a drive signal (26); 

bias signal generator (30) providing a bias signal (36); 
amplifying element (50), connected to said drive signal deriving means 
(20) and said bias signal generator (30); 
characterized, ia that 

said bias signal generator (30) is connected to said input detector (40), 
being controUed dependent (47) on said instantaneous size measxare for 
20 producing a predetermined output characteristics of an ou^ut of said 

amplifying element (50), whereby a bias signal amplitudc-averagpd over an 
amplitude interval above a first ampUtude is higher than a bias signal 
amplitude-averaged over an ^tire amplitude range. 



29. Transmitter according to claim 28, chaiacterised in that said drive 
signal deriving means comprises pre-distoxting means (20) coimected to said 
input detector (40), being controlled dependent (47) on said instantaneous size 
measure. 

30. Transmitter acceding to claim 28 or 29, eharaeteiized In that said 
bias signal generator (30) in turn comprises means giving a bias signal (36), 
Mvbich for all ampUtudes within a first ampHtude range (11), increase with 
increasing amplitude. 
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31. Transmitter according to any of the daims 28 to 30» eliaraeterissed in 
that said bias signal generator (30) in turn comprises means giving a bias 
signal (36), which for all amplitudes within a second amplitude range (12), is 

5 lower than an ampUtude-averaged bias signal (16). 

32. Transmitter according to claim 31» chazacter]2»d in that said second 
amplitude range (12) covers at least half the amplitude distribution (15). 

10 33. Transmitter according to claim 31 or 32, chazacterized in that said 

pre-distortion means (20) comprises means for making said drive signal (26) 
larger than said input signal (3S) at least in said second amplitude range (12). 

34. Wireless communication system (1), having a radio frequency power 
15 amplifier (2; 62,64), said radio frequency power amplifier (2; 62, 64) 

comprising: 

input s^nal terminal (19); 

input detector (40) arranged to determine an instantaneous size 
measure of a signal (35) on said input signal temunal (19), said size measure 
2 0 being an amplitude or therefrom derivable quantity; 

drive si^^nal deriving means (20) coxmected to said input signal 
terminal (19), providing a drive signal (26); 

bias signal generator (30) providing a bias signal (36); 
amplifying element (50), connected to said drive signal deriving means 
25 (20) and said bias signal generator (30); 

characterized in that 
: said bias signal generator (30) is connected to said input detector (40), 

-V: being controlled (47) dependent on said instantaneous si^e measure for 
z producing a predetermined output characteristics of an output of said 
amplifying element (50), whereby a bias signal amplitude-averaged over an 
'I 'l amplitude integral above a first amplitude is higher than a bias signal 
; amplitude-averaged over an entire amplitude range. 



'02 06/19 11:05 FAX -i-46 IS 153030 AROS P/irENT AB -* PATENTVERKET @|036 

+46 18 153050 i ' .-j.f.:hul 



30 



33 

35. Base station (9) of a wireless comznunication system (1), having a radio 
frequency power amplifier {2; 62,64), said radio tceqixency power amplifier (2; 
62, 64) comprising: 

input signal terminal (19); 
5 input detector (40) arranged to determine an instantaneous sise 

measure of a signal (35) on said input signal terminal (19), said size measure 
being an. amplitude or therefrom derivable quantity; 

drive signal deriving means (20) connected to said input signal 
terminal (19), providing a drive signal (26); 
^0 bias signal generator (30) providing a bias signal (36); 

amplifying element (50), connected to said drive signal deriving means 
(20) and said bias signal generator (30); 
characterteed in that 

said bias s^al generator (30) is connected to said input detector (40), 
15 being controlled (47) dependent on said instantaneous size measure for 

producing a predetermined output characteristics of an output of said 
amplifying element (50), whereby a bias signal amplitude-averaged over an 
amplitude interval above a first amplitude is higher than a bias signal 
amplitude^averag^d over an entire amplitude range. 

20 

36. Mobile unit (8) of a wireless communication system (1), having a radio 
frequency power amplifier (2; 62,64), said radio frequency power amplifier (2; 
62, 64) comprising: 

input signal terminal (19); 
25 input detector (40) arranged to determine an instantaneous size 

measure of a signal (35) on said input signal terminal (19), said size measure 
• being an amplitude or therefrom derivable quantitjr, 

drive signal deriving means (20) connected to said input signal 
terminal (19), providing a drive signal (26); 

bias signal generator (30) providing a bias signal (36); 
amplifying element (50), connected to said drive signal deriving means 
(20) and said bias signal generator (30); 
charaetexized in that 
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said bias signal generator (30) is connected to said input detector (40), 
being controlled (47) dependent on said instantaneous size measure for 
producing a predetermined ou^ut characteristics of an output of said 
amplifying element (50), whereby a bias signal amplitude-averaged over an 
amplitude interval above a first amplitude is higlher than a bias ^@ial 
ampHtude-averaged over an entire amplitude range. 
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In the present invention, pre-<iistortion of drive signal (26) and generation of 
bias signal (36) to a power amplifier are both controlled dependent on an 
instantaneous size of the input signal, for producing a predetermined gain 
characteristics. Preferably, the bias signal (36) is kept low in amplitude 
ranges having a high probability to occur, thus giving a high efficiency, and 
is allowed to increase towards higher amplitudes, preferably all the way to 
the maximum amplitude- Tho pre-distorted drive signal (26) is preferabty 
hi^er than the input ^gnal in the high-efficiency ranges. Preferably, the 
drive signal (26) is predominantly composed of low-order components. In 
cases where signal paths of bias signal (36) and drive signal (26) differs 
significantly, inverse filtering is applied to ensure the simultaneousness at 
the input of the amplitude elemenL 



(Fifr 3) 



•02 08/19 11:05 FAX +46 16 153050 AROS PMCENT AB 

46 18 153058 



PATENTVERKET 



NORM. VOLTAGE 



2/7 



1.0 



-0.5 



DRIVE SIGNAL 



iao4o 

Ir.:;.t.r:^-.f-r::ir!;p2r!:2l 

• -r > 1 9 




Fig. 3 



AMPUTUDE 



CLASS B 



t t 

CLASS B CLASS A 



1.0 



Fig. 4a 




BIAS 
CLASS B 



1.0 



Fig. 4b 



PRIOR 
ART 



— 1 




•02 06/19 11:06 FAX +46 IS 1S3050 AROS P/inENT AB 

+46 18 153058 



PATENTVERKET 



@041 



EFFICIENCY 



3/7 



CLASS B 
DYNAMIC BIAS 
CLASS B 8b PRBDISTORTION 
PRESENT INVENTION 




Inlet rctc-ii-c-ciir53.V3;H 

'. - 1 9 



Fig. 5 



AMPLnXIDE 




•02 06/19 11:08 FAX +46 18 153050 ARCS P/irENT AB 

t46 18 1530SQ 



PATENTVERSET 111 042 



H, . K^o- 



4/7 



POWER (dB) 
10 



-10 



-30 



Fig. 7a 




POWER (dB) 
10 



-10 




Fig. 7b 



RF-F/2 RF RF+F/2 
FREQUENCY 

POWER (dB) 
10 



-10 



-30 



° FREQUENCY ^ 

POWER (dB) 

10, 



-30 



Fig. 7c 





Fig. 7d 



RF-F/2 RF RF+F/2 
FREQUENCY 

POWER (dB) 
lO 



-10 



-30 



-30 



Fig. 7e 




° FREQUENCY ^ 



RF-F/2 RF RF+F/2 
FREQUENCY 



02 06/19 ll:Oe FAX -t-AS 18 1S3050 AROS P/tTENT AB 

jb^e 18 153050 



■* PATENTVERKET 11049 

lr!!{.tP!;tc-nt-CGhrcg.verid: 
-OS- 1 S ; 



INPUT 




30 Fig. 9. 



06/19 11:0$ FAX +46 18 153050 AROS PMCENT AB 

±dS 18 153050 



PATENTVERKET 



@044 




Fig. 10 




* '02 08/10 11:08 FAX +48 18 153080 AROS PaCENT AB 

+46 18 153050 



PATENTVERKET 



1^043^ 




7/7 




DERIVE 
DRIVE SIGNAL 



'204 



PROVIDE AMPUTUDE 
DEPENDENT BIAS 



-206 



-208 



AMPLIFY 




STOP 




-214 



Fig. 12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
STfADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□'IjNES or marks on original DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



